SERIES of pyridin-2-one derivatives have been prepared from ……the reaction of acetyl acetone and cyanoacetohydrazide or dialkyl carbocyanohydrazodithioates as well as 2H-pyran-ones. Some reactions of the pyridin-2-one were also studied. The synthesized compounds were structurally characterized on the basis of UV, IR, 1 H NMR, 13 C NMR, mass spectrometry and elemental analyses.
Chemical shift values are recorded in ppm ondscale. Mass spectra were recorded at 70 eV with an AEL, MS-9 spectrometer (Microanalysis Center, Cairo University, Egypt). Elemental analyses were carried out at the Microanalysis Center, Cairo University, Egypt; found values were within±0.35% of the theoretical ones. Progress of the reactions was monitored using thin layer chromatography (TLC) sheets precoated with UV fluorescent silica gel Merck 60F 254 and was visualized using UV lamp.
1-Amino-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (2)
A solution of 2-isocyanoacetohydrazide (1) (11.5 g, 0.116 mol) in ethanol (100 ml) was gradually added to a solution of acetylacetone (11.6 g, 0.116 mol) in ethanol (50 ml) containing one drop of piperidine. After refluxing the reaction mixture for 10 min, and cooling, the separated product was filtered off, washed with ethanol and crystallized from ethanol. 
4,6-Dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (3)
A solution of 1-amino-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (2) (2 g, 0.014 mol) in glacial acetic acid (8 ml) was treated dropwise with an aqueous solution of sodium nitrite (0.5 gm). The separated product was filtered off, washed with ethanol and crystallized from acetic acid. 
4,6-Dimethyl-5-nitro-2-oxo-1,2-dihydropyridine-3-carbonitrile (4)
A mixture of nitric (d 1.41; 3ml) and sulfuric (d 1.84; 3ml) acids in glacial acetic acid (10 ml) was gradually added to a solution of 1-amino-4,6-dimethyl-2oxo-1,2-dihydropyridine-3-carbonitrile (2) (2 g, 0.014 mol) in glacial acetic acid (15 ml 
1-(4-Hydroxypent
A solution of 1-amino-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (2) (1 g, 0.007 mol) in ethanol (10 ml) was added to a solution of acetylacetone (1.2 g, 0.012 mol) in ethanol (10 ml) acidified with acetic acid and the reaction mixture was refluxed for 10 hr. On cooling, the solid product was separated, filtered and crystallized from ethanol. 
General procedure for the synthesis of 6a,b
A solution of KOH (5.6 g, 0.2 mol) in methanol (100 ml) was gradually (10 min) added to a suspension of cyanoacetohydrazide (1) (9.9 g, 0.1 mol) in methanol (100 ml) with stirring at 0 °C, whereby the hydrazide completely dissolved. The reaction mixture was then treated dropwise (10 min) with CS 2 (7.6 g, 0.1 mol) at 0 °C. After complete addition of CS 2 , the separated solid of potassium 2-(2-isocyanoacetyl)hydrazinecarbodithioate was filtered, washed with cold ethanol and dried (19 g, Yield: 84 %).
A suspension of the crude potassium 2-(2-isocyanoacetyl) hydrazinecarbodithioate (21 g, 0.09 mol) in methanol (100 ml) was gradually treated with stirring at 0 °C with an ethanolic solution of either methyl iodide (21.9 g, 0.186 mol) or ethyl iodide (24 g, 0.186 mol) in the course of 20 min. The reaction mixture was then kept overnight in the ice-chest with occasional shaking. The separated product was filtered and crystallized from methanol. 
General procedure for the synthesis of 7a,b
A solution of dimethyl (2-isocyanoacetyl)carbonohydrazonodithioate (6a) (1 g, 0.005 mol) in ethanol (10 ml) was refluxed for 30 min with an ethanolic solution of either benzaldhyde (0.5 ml, 0.005 mol) or benzil (1 g, 0.005 mol) containing one drop of piperidine. On cooling, the solid product was separated, filtered, washed with cold ethanol and crystallized from ethanol. 
Dimethyl (2-cyano-3-phenylacryloyl)carbonohydrazonodithioate (7a)

N'-(Bis(methylthio)methylene)-2-cyano-4-oxo-3,4-diphenylbut-2-enehydrazonic acid (7b)
Yield: 92 %; m. 
General procedure for the synthesis of 8a,b
when a solution of either 6a (2g, 0.01 mol) or 6b (5g, 0.02 mol) in methanol (20 ml) was treated with a methanolic solution of acetylacetone ( 0.79 g, 0.01
The Uses of Acetylacetone to Synthesize mol or 2.5 g, 0.02 mol) and two drops of piperidine. The reaction mixture was heated under reflux for 30 min. On cooling the solid product was separated, filtered, washed with cold methanol and crystallized from methanol. 
Dimethyl (5-bromo-3-cyano-4,6-dimethyl-2-oxopyridin-1(2H)-yl) carbonimidodithioate (9)
A solution of bromine (3.2 g, 0.02 mol) in carbon tetrachloride (20 ml) was gradually added to a suspension of compound 7a (2.7 g, 0.01 mol) in CCl 4 (20 ml) with stirring for 1 hr at room temperature. The carbon tetrachloride solution was washed with water, dried over anhydrous sodium sulfate and evaporated under reduced pressure. The residual oily product solidified on treatment with ethanol and crystallized from ethanol. 
3-Iodo-4,6-diphenyl-2H-pyran-2-one (11b)
A solution of iodine monochloride (0.4 g, 0.002 mol) in dry chloroform (10 ml) was gradually added to a solution of 4,6-diphenyl-2H-pyran-2-one (0.5 g, 0.002 mol) in dry chloroform (5ml) with stirring for 30 min at room temperature. The precipitated product was filtered and crystallized from ethanol. 
3-Nitro-4,6-diphenyl-2H-pyran-2-one (11c)
A mixture of nitric (d 1.41; 3 ml) and sulfuric (d 1.84; 3 ml) acids in glacial acetic acid (10 ml) was gradually added to a solution of 4,6-diphenyl-2H-pyran-2-one (10) (2 g, 0.08 mol) in glacial acetic acid (15 ml). The reaction mixture was warmed at 50 • C for 15 min, cooled, poured into cold water with stirring. The separated product was filtered, washed with cold water, dried and crystallized from acetic acid. 
1-Amino-4,6-diphenylpyridin-2(1H)-one (12)
A solution of 4,6-diphenyl-2H-pyran-2-one (10) (0.5 g, 0.002 mol) in ethanol (10 ml) was refluxed with 85% hydrazine hydrate (2 ml) for 1.5 hr. The reaction 
4,6-Diphenylpyridin-2(1H)-one (13)
A solution of 1-amino-4,6-diphenylpyridin-2(1H)-one (12) (0.2 g, 0.0008 mol) in glacial acetic acid (8 ml) was treated dropwise with an aqueous solution of sodium nitrite (0.5 gm). The separated product was filtered off, washed with ethanol and crystallized from acetic acid. 
3-Nitro-4,6-diphenylpyridin-2(1H)-one (14)
A mixture of nitric (d 1.41; 3ml) and sulfuric (d 1.84; 3ml) acids in glacial acetic acid (10 ml) was gradually added to a solution of 4,6-diphenylpyridin-2(1H)-one (13) (2 g, 0.008 mol) in glacial acetic acid (10 ml). The reaction mixture was warmed at 50 • C for 15 min, then poured into cold water with stirring. The separated product was filtered, washed with cold water, dried and crystallized from benzene. 
Results and Discussion
In the present investigation, some 2-pyridones containing a cyano group were synthesized. 1-Amino-3 cyano-4,6-dimethyl-2-pyridone (2) was prepared by the reaction of acetylacetone and 2-isocyanoacetohydrazide (1) in the presence of piperidine (21) . The structure of compound 2 was confirmed through the study of its spectral data and elemental analysis. The 1 H NMR spectrum showed the presence of two singlets at δ 2.35 and 2.45 ppm (2CH 3 ) beside another two singlets at δ 6.05 and 6.25 for NH 2 (D 2 O exchangeable) and pyridine H-5, respectively. Moreover, the electronic spectrum of compound 2 was recorded in MeOH, MeOH\H 2 SO 4 (0.1 M) and MeOH\NaOCH 3 (0.1M). The spectrum in neutral and acidic solution solutions was characterized by the presence of three absorption maxima at 395, 338 and 224 nm. However, in basic medium, the spectrum showed a new band at 206 nm. This may be explained by assuming deprotonation of the NH 2 giving the anion 2a (Scheme1). 4,6-Dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (3) was obtained by nitrous acid deamination of 1-amino-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3carbonitrile (2), which was found to be completely identical to an authentic sample prepared by the condensation of acetylacetone and cyanoacetamide (21) .
Nitration of compound 2 with the conventional nitrating mixture [conc. HNO 3 \H 2 SO 4 (1:1)] resulted only in the isolation of the deaminated product 4,6dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (3). However, prolonged treatment of compound 2 with the nitrating mixture led to the formation of 3-cyano-4,6dimethyl-5-nitro-2-oxo-1,2-dihydropyridine-3-carbonitrile (4) which was also formed from the reaction of compound 3 with the nitrating mixture (Scheme 1). The presence of one singlet at δ 2.32 ppm corresponding to six protons (2CH 3 ) beside another singlet at δ 10.22 ppm for NH (D 2 O exchangeable) with the absence of pyridine H-5 signal in the 1 H NMR spectrum, proved the formation of compound 4.
Condensation of compound 2 with acetylacetone afforded compound 5 which could be represented by any of the three possible tautomeric forms 5a, 5b or 5c (22, 23) (Scheme 2). The structure of compound 5 was confirmed through the study of its spectral data and elemental analysis. Thus, the 1 H NMR spectrum of compound 5 showed the presence of four singlets at δ 1.61, 1.74, 2.44 and 2.62 ppm corresponding to the presence of four CH 3 groups. Also, the presence of signal at δ 5.35 ppm for C-H proton of the acetylacetone moiety and 11.54 (OH, D 2 O exchangeable) ppm supported that the condensation product 5 exist in the enolimine structure 5a (23) . Moreover, the electronic spectrum of compound 5 was recorded in MeOH, MeOH\H 2 SO 4 (0.1 M) and MeOH\NaOCH 3 (0.1M) ( Fig. 1 ) (see the experimental section) showed the presence of two isobestic points at 272 and 238 nm., a fact that denotes the presence of an acid-base equilibrium. A comparison of the spectra revealed that the band at 284 nm in the neutral species becomes more intense in basic medium and diminishes in acid solution which confirmed that compound 5 exists in the enol-imine structure 5a. The latter compound exists in equilibrium in the neutral solution. In acidic solution the form 5a predominates, while the anion 5a' is the predominant form in the basic medium (Scheme 2). In the present investigation compound 2 failed to react with carbon disulfide and methyl iodide (24, 25) . Therefore, a new synthetic strategy had to be adopted by the introduction of the sulfur moiety to the cyanoacetohydrazide 1 before condensation with acetylacetone. However, when cyanoacetohydrazide 1 was subjected to the standard carbodithioation experimental condition (24, 25) , the only isolated product was shown to be dialkyl (2-isocyanoacetyl) carbonohydrazonodithioate (6a,b; R= CH 3 , C 2 H 5 ) by using 2 moles of each of KOH and alkyl iodide. The novel products 6a,b (R= CH 3 , C 2 H 5 ) were characterized through a study of their spectral data, together with some condensation reactions with simple carbonyl and α-dicarbonyl compounds.(Scheme 3). Thus, the 1 H NMR spectrum of compound 6b (as an example) showed the presence of triplet and quartet at δ 1.35 and 3.15 ppm corresponding to the 2CH 3 Condensation of 6a with either benzaldhyde or benzil afforded the condensation products 7a,b. The 1 H NMR spectrum of 7b (as an example) showed the presence of two methyl signals at δ 2.11 and 2.42 ppm, together with multiplet at δ 7.21-7.64 ppm corresponding to the ten aromatic protons. The singlet at δ 7.90 ppm may be attributed to the OH proton of the enol-imine form 7b (R=CH 3 ), a behavior often characterizing such systems (23) . At the time being, 13 C NMR spectrum revealed δ: 19.8, 20.1 (2CH 3 ), 119.3 (CN), 162.9 (C=N), 173.1, 179.1 (2CO). A further elucidation of the structure of compound 7b was achieved through a study of its electronic spectrum in MeOH, MeOH\H 2 SO 4 (0.1 M) and MeOH\NaOCH 3 (0.1M) (see the experimental section). The UV spectrum is characterized by the appearance of four absorption maxima at 580, 387, 245 and 282 nm which were not affected neither in acidic nor in basic media. This phenomenon could only be explained by assuming the predominance of the enol-imine form (7b) rather than the keto-imine (7b') in the neutral solution (Scheme 3) 2 -Oxopyridin -1 (2H) -yl) carbonimidodithioate derivatives 8a,b were synthesized from the reaction of 6a,b with acetylacetone in the presence of piperidine as a base. The 1 H NMR spectrum for 8a (as an example) exhibited the presence of four methyl groups' singlets at δ 2.20, 2.35, 2.55 and 2.65 ppm beside another singlet at δ 6.32 ppm corresponding to pyridine H-5. In addition, the 13 C NMR spectrum showed δ 13.9, 15.1, 18.5, 20.4 (4CH 3 ), 116.4 (CN), 157.1 (C=N), 180.1 (CO).
It was reported that the S-CH 3 group could be substituted with halogen (26) . However, treatment of compound 8a with Br 2 \CCl 4 led to the introduction of bromine at the five position of the 2-pyridone ring giving compound 9. The 1 H NMR spectrum of compound 9 was almost identical with that of 8a, except for the disappearance of the C-5 proton signal (Scheme 4).
A well-established route for the synthesis of 2-pyridones involves the reaction of 2H-pyran-2-ones with ammonia, amines as well as hydrazines (20) Therefore, in the present work a series of 3-substituted 4,6-diphenyl-2H-pyran-2one (11a-c) were prepared from 4,6-diphenyl-2H-pyran-2-one (10) . The structure of 11a-c was in agreement with their spectral data and elemental analyses (see experimental section). 3-Substituted 4,6-diphenyl-2H-pyran-2-one (11a-c) failed to react with hydrazine hydrate and only resinous product was formed which could not be identified. Only, 4,6-diphenyl-2H-pyran-2-one (10) reacted with hydrazine hydrate and afforded 1-amino-4,6-diphenylpyridin-2(1H)-one (12) . The structure of the latter compound was confirmed on the basis of its spectral data and elemental analysis. The 1 H NMR spectrum of compound 12 exhibited two doublets (J = 2.6 Hz) at δ 6.45 and 6.86 ppm due to long rang coupling between C-5 and C-3 protons, respectively. Also, the presence of broad singlet at δ 5.07 ppm (D 2 O exchangeable) for NH 2 protons beside multiplet corresponding to the ten aromatic protons at δ 7.23-7.74 ppm. Deamination of compound 12 with sodium nitrite in glacial acetic acid afforded 4,6-Diphenylpyridin-2(1H)one (13) (27) . Finally, 3-nitro-4,6-diphenylpyridin-2(1H)-one (14) was prepared from the nitration of compound 13 using the conventional nitrating mixture [conc. HNO 3 \H 2 SO 4 (1:1)]. The structure of the latter compound was confirmed through the study of its spectral data and elemental analysis (Scheme 5).
